Internal structure of the silk fibroin gene of Bombyx mori. I The fibroin gene consists of a homogeneous alternating array of repetitious crystalline and amorphous coding sequences.
The DNA sequence orgainzation of the protein encoding region of the gene for silk fibroin has been analyzed. The accompanying paper (Manningm R. F., and Gage, L. P. (1980) J. Biol. Chem. 255, 9451-9457) shows that the total length of the gene, and its protein, as well as the pattern of restriction sites in the gene is highly polymorphic among inbred stocks of Bombyx mori, In this paper, those features of fibroin gene structure which are invariant among these alleles are presented. Fibroin is composed primarily of relatively short "crystalline" and "amorphous" peptides of known sequence whose arrangement in the protein is unknown. Knowledge of the codons most commonly used in fibroin mRNA allowed utilization of particular restriction inzymes as a means for determing the nature and organization of crystalline and amorphous coding sequences in the fibroin gene. Three restriction endonucleases were identified that cleve sequences coding for amorphous region peptides. Their cleavage pattern revelaed that the repetitive coding sequence of the gene core (approximately 15 kilobases) is divided into at least 10 large crystalline coding domains interrupted by smaller amorphous coding domains. Many restriction endoncleases do not cleave the fibroin core at all, three of them with four gase recognition sequences. Specific deductions as to codon usage and repetitive sequence homogeneity in the gene follow from these results. One novel finding is the rigorous exclusion of the glycine codon GGA prior to serine codons even though this glycine codon is used frequently prior to alanine codons. The sequence homogeneity and the regularly alternating arrangement of crystalline and amorphous coding sequences of the gene are discussed in terms of the function of fibroin protein and the evolution of highly repetitive DNA.